Clamped elliptic paraboloid shells made of laminated composite materials in presence of stiffeners and cutouts are analyzed employing the eight-noded curved quadratic isoparametric element for shell with a three noded beam element for stiffener formulation. Free vibration problem of stiffened shells with different size and position of the cutouts with respect to the shell centre are examined to find natural frequency and mode shapes of stiffened shells and arrive at some conclusions useful to the designers. The results are further analyzed to suggest guidelines to select optimum size and position of the cutout with respect to shell centre.
proportions. This aspect in particular attracts the designers to use such shell forms in places of large column free areas. Moreover, elliptic paraboloidal shells are both architecturally acceptable and structurally stiff due to their surface geometry. These special types of shells are found in many applications in the aerospace and naval construction industries. Of course, the shells used in those applications are designed with stiffeners to provide better strength, stiffness and buckling characteristics. Cutouts are provided in shell panels to save weight and also to provide a facility for inspection.
In practice the margin of the cutouts are stiffened to take account of stress concentration effects. Also, there can be some instruments directly fixed on these panels, and the safety of these instruments can be dependent on the vibration characteristics of the panels. Hence free vibration studies on these shell panels with cutouts are of interest to structural engineers.
Dynamic analysis of shell structures having complex geometry, loading and boundary conditions can be solved efficiently by finite element method. Different computational models for laminated composites were proposed by researchers. Vibration of shells is an extensively studied area in mechanical and structural dynamics. The natural frequencies of the shells lie in a narrow band and they are prone to becoming involved in resonant vibrations. To control the amplitudes of these vibrations, it is necessary to know the distribution of the natural frequencies in order to design the shell structures safely from the viewpoint of optimum vibration control.
Ghosh and Bandyopadhyay [1] , Dey et al. [2, 3] , Chakravorty et al. [4, 5] reported static and dynamic behaviour of laminated doubly curved shells. Later Nayak and Bandyopadhyay [6] [7] [8] , Das and Chakravorty [9] [10] [11] [12] and Pradyumna and Bandyopadhyay [12] [13] [14] Earlier studies in this aspect were due to Reddy [15] , Malhotra et al. [16] and Sivasubramonian et al. [17] . They analyzed the effect of cutouts on the natural frequencies of plates. Later Sivakumar et al. [18] , Rossi [19] , Huang and Sakiyama [20] and Hota and Padhi [21] 
where, 
The [26] and Qatu [27] . The strain-displacement relations on the basis of improved first order approximation theory for thin shell are established as
where, the first vector is the mid-surface strain for a shell and the second vector is the curvature. where the shape functions derived from a cubic interpolation polynomial are:
The generalized displacement vector of an element is expressed in terms of the shape functions and nodal degrees of freedom as:
The strain-displacement relation is given by
where The element mass matrix is obtained from the integral       dxdy (14) 90
The integrals are converted to isoparametric coordinates and are carried out by 2-point Gauss quadrature. Finally, the element stiffness matrix of the stiffened shell is obtained by appropriate matching of the nodes of the stiffener and shell elements through the connectivity matrix and is given as:
The element stiffness matrices are assembled to get the global matrices.
The element mass matrix for shell is obtained from the integral 
This is a generalized eigen value problem and is solved by the subspace iteration algorithm.
RESULTS AND DISCUSSION
The results of Table 1 show that the agreement of present results with the earlier ones is excellent and the correctness of the stiffener formulation is established. 
From Table 2 it is seen that when a cutout is introduced to a stiffened shell the fundamental frequency changes in all the cases. This trend is noticed for both cross ply and angle ply shells. This initial increase in frequency is due to the fact that with the introduction of cutout, numbers of stiffeners increases from two to four in the present study. As the cutout grows in size the loss of mass is more significant than loss of stiffness, and hence the frequency increases. As with the introduction of a cutout of a / /a=0.2, in shell surface, the frequency increases in most of the cases, this leads to the engineering conclusion that concentric cutouts with stiffened margins may be provided safely on shell surfaces for functional requirements upto a / /a=0.2.
The mode shapes corresponding to the fundamental modes of vibration are plotted in Fig.2 and with eccentric cutouts for a wide spectrum of eccentricity for cross ply and angle ply shells may also be used as design aids for structural engineers.
